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BASE STATION AND METHOD FOR RECEIVING AND PROCESSING SIGNAL 

IN BASE STATION 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a method for receiving signals in a 
mobile communication network, and a base station thereof. More specifically, the 
present invention relates to a method for reducing complexity of a base station 
when the base station uses two two-branch polarization antennas to receive 
signals through four branches. 

(b) Description of the Related Art 

In general, signals transmitted from a mobile station antenna are 
reflected or refracted depending on environmental factors such as the ground or 
buildings, and they are received to a base station antenna through multiple paths. 
As described, when various signals are received through different paths, the 
signals undergo different amplitude attenuations and phase changes. When the 
signals are combined, signal intensities change according to time variation 
differing from the signal intensities of transmission signals, which is referred to as 
fading. To solve the problem of fading, diversity methods for receiving various 
independently-faded signals and appropriately combining them have been 
proposed. 

The diversity methods include a space diversity method which is a 
method of transmission by the simultaneous use of two or more physically 
separated vertical antennas, and a polarization diversity method for separately 
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receiving vertical polarization and horizontal polarization signals. The polarization 
diversity method uses a polarized antenna to detect polarized signal components 
and uses them as branches of diversity. 

Base stations based on the mobile communication systems such as IS- 
95, CDMA2000, and WCDMA generally use the space diversity method by using 
two vertical antennas spatially separated for each sector to receive signals. In 
this instance, the reason for using less than three antennas is that less merits 
are achieved compared to an increase of complexity. The above-noted mobile 
communication systems usually adopt the three-sector method of using three 
sectors a , J3 , and y . Referring to FIG. 5, a conventional configuration of a base 
station and a method for receiving signals at the base station will be described. 

FIG. 5 shows a conventional base station. 

As shown, the conventional base station (e.g., a base station using the 
three-sector method) includes RF/IF (radio frequency/intermediate frequency) 
processors RF/IF1 through RF/IF6 for each antenna path. The signals received 
through the six vertical antennas are passed through the RF/IF processors to be 
converted into baseband signals, and are input to a modem processor 20. 

The modem processor 20 searches multipath signals for the six antenna 
reception paths to allocate a valid multipath signal component to a finger, and 
detects a phase of the corresponding multipath signal component to execute 
MRC (maximal ratio combining) on the signal components allocated to the finger. 

In detail, the two antennas in each sector are spatially separated to 
receive signals with independent fading and phase, but they are not so far from 
each other that spreading sequence offsets of the signals received at the two 
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antennas differ. Therefore, the signals that have the same spreading sequence 
offset and different phase and fading are received through the two antennas, 
and the modem processor 20 performs phase detection and phase correction on 
these signals, and executes MRC to obtain a diversity effect. So as to achieve 

5 the diversity effect, it is required for the respective antenna components to 
maintain independent signal paths without being added until MRC is executed on 
them after the phase detection and phase correction. 

Recently, a method using two sets of two branch X-pole antennas for 
enabling usage of both space diversity and polarization diversity has been 

10 proposed. That is, when two sets of X-pole polarized antennas are provided for 
each sector, the polarization diversity characteristics can be obtained through the 
X-pole antennas, and since the two sets of X-pole antennas are spatially 
separated, space diversity characteristics can be obtained. 

As shown in FIG. 6, in the two sets of two-branch X-pole antennas 41 

15 and 42, 43 and 44, and 45 and 46, each sector has four branches 41a, 41b, 42a, 
and 42b; 43a, 43b, 44a, and 44b; and 45a, 45b, 46a, and 46b. Accordingly, 
twelve RF/IF processors RF/IF1 through RF/IF12 coupled to each branch are to 
be formed in the base station (e.g., a three-sector base station), and a modem 
processor 50 having twelve receivers for receiving signals from the twelve RF/IF 

20 processors is to be used. 

Hence, the number of the RF/IF processors and signal paths increase to 
increase hardware complexity, and the conventional modem processor is to be 
modified. 
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SUMMARY OF THE INVENTION 

It is an advantage of the present invention to provide a base station for 
using two sets of X-pole polarized antennas without modifying a modem 
processor. 

In one aspect of the present invention, a base station in a mobile 
communication network comprises: first and second polarized antennas 
respectively having two branches and being formed in a same sector; a first 
delay element for time-delaying a signal received at the second branch from 
among signals received at the first and second branches of the first polarized 
antenna so as to distinguish an offset of the signal from an offset of a signal 
received at the first branch; a second delay element for time-delaying a signal 
received at the fourth branch from among signals received at the third and fourth 
branches of the second polarized antenna so as to distinguish an offset of the 
signal from an offset of a signal received at the third branch; a first adder for 
adding the signal received at the first branch of the first polarized antenna and a 
signal time-delayed by the first delay element; a second adder for adding the 
signal received at the third branch of the second polarized antenna and a signal 
time-delayed by the second delay element; and a modem processor for receiving 
the signals added by the first and second adders and separating an offset 
distinguishable signal from the respective signals. 

In this instance, it is preferable to locate RF and IF processors between 
the first and second adder and the modem processor. The RF and IF processors 
may be located between the first and second antennas and the first and second 
adders. The RF processor may be located between the first and second 
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antennas and the first and second adders, and the IF processor may be located 
between the first and second adders and the modem processor. 

In another aspect of the present invention, a method for receiving and 
processing signals at a base station in a mobile communication network 
comprises: receiving signals through first and second polarized antennas 
respective having first and second branches and third and fourth branches 
formed in the same sector; time-delaying the signals received at the second 
branch of the first polarized antenna and the fourth branch of the second 
polarized antenna so as to distinguish offsets of the signals from offsets of 
signals received at the first and third branches; adding the signal received at the 
first branch and the signal received at the second branch and time-delayed into a 
first add signal, and adding the signal received at the third branch and the signal 
received at the fourth branch and time-delayed into a second add signal; and 
separating an offset distinguishable signal from the first and second add signals. 

In still another aspect of the present invention, a base station in a mobile 
communication network comprises: a polarized antenna having first and second 
branches; a delay element for time-delaying a signal received at the second 
branch of the polarized antenna so as to distinguish an offset of the signal from 
an offset of a signal received at the first branch; an adder for adding the signal 
received at the first branch and the signal received at the second branch and 
time-delayed by the delay element; and a modem processor for considering an 
offset distinguishable signal from the added signals as a different multipath 
signal, and separating the same. 
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RR1FF DESCRIPTION OF THE DR AWINGS 

The accompanying drawings, which are incorporated in and constitute a 
part of the specification, illustrate an embodiment of the invention, and, together 
with the description, serve to explain the principles of the invention: 

FIG. 1 shows a configuration of a base station according to a first 
preferred embodiment of the present invention; 

FIG. 2 shows a difference of spreading sequence offsets caused by time 
delay according to a first preferred embodiment of the present invention; 

FIGs. 3 and 4 show configurations of a base station according to second 
and third preferred embodiments of the present invention; 

FIG. 5 shows a conventional configuration of a base station; and 

FIG. 6 shows a conventional configuration of a base station using an X- 
pole polarization antenna. 

DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following detailed description, only the preferred embodiment of 
the invention has been shown and described, simply by way of illustration of the 
best mode contemplated by the inventor(s) of carrying out the invention. As will 
be realized, the invention is capable of modification in various obvious respects, 
all without departing from the invention. Accordingly, the drawings and 
description are to be regarded as illustrative in nature, and not restrictive. 

Referring to FIG. 1, a base station according to a first preferred 
embodiment of the present invention will be described. 

FIG. 1 shows a configuration of a base station according to the first 
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preferred embodiment of the present invention, and FIG. 2 shows a difference of 
spreading sequence offsets caused by time delay according to the first preferred 
embodiment of the present invention. 

A base station in the mobile communication system adopting the three- 
sector method will be exemplified below. 

As shown in FIG. 1, the base station includes three sectors a , p, and y 
each of which has two X-pole polarized antennas 110, 120, 130, 140, 150, and 
160, each of which has two branches (the two branches are respectively denoted 
as 'a' and 'b', and the reference numerals 'a' and 'b' in the drawings represent 
the branches of each antenna). The antennas 110, 120, 130, 140, 150, and 160 
includes RF processors 310, 320, 330, 340, 350, and 360, and IF processors 
410, 420, 430, 440, 450, and 460 connected to a modem processor 500. In this 
instance, a single RF processor 310, 330, and 350 and a single IF processor 410, 
430, and 450 for each sector perform a transmission function. 

The X-pole polarized antenna is an antenna for realizing two-branch 
polarization diversity, and two sets of X-pole antennas are provided for each 
sector in the first preferred embodiment. The two X-pole antennas in each set 
are spatially separated to obtain the space diversity effect, and two sets of the 
spatially separated two-branch polarization diversities can realize four branches. 

Signals received at the four branches have independent phases and 
undergo independent fading, but the spreading sequence offsets of the signals 
received through the branches at the same time frame are identical. When the 
signals having the same spreading sequence offset received at the branches are 
added before execution of phase correction, signal distortion occurs, and it 
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becomes difficult for the modem processor to demodulate the signals. 

In the first preferred embodiment, therefore, delay elements 210, 220, 
230, 240, 250, and 260 for delaying the signals received at one 110b, 120b, 
130b, 140b, 150b, and 160b of the two branches of the polarized antenna are 
additionally formed between the branch 110b, 120b, 130b, 140b, 150b, and 
160b and the RF processor 310, 320, 330, 340, 350, and 360. For example, as 
shown in FIG. 2, an additional spreading sequence offset is provided to the 
signal delayed by the delay element 210 from among the signals received at the 
two branches 110a and 110b of the antenna 110, and accordingly, the signals 
received through different branches at one polarized antenna have different 
spreading sequence offsets. 

In this instance, a time delay D assigned by the base station is to be 
determined such that the spreading sequence offsets of the multipath 
components of branches without time delay are not superimposed on the 
spreading sequence offsets of the multipath components of branches with time 
delay, and a time delay value is established according to a multipath delay profile. 
For example, since valid multipath components are received by the time delay of 
up to 25 jus in the worst case under a wireless urban environment with heavy 
multipath delays, it is needed to assign the time delay D of about 25 jus to one of 
the two branches. 

That is, when the time delay D of 30.72 chips (=25 /usxl .2288MHz) is 
provided in the case of using the spreading sequences of 1. 2288MHz, no 
spreading sequence offsets of valid multipath components received through 
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branches without time delay are superimposed on the spreading sequence 
offsets of valid multipath components received through branches with time delay. 

The signals received at the branches 110a, 120a, 130a, 140a, 150a, and 
160a without time delay and the signals received at the branches 110b, 120b, 
130b, 140b, 150b, and 160b with time delay are added by an adder, and added 
signals are provided to the RF processors 310, 320, 330, 340, 350, and 360. The 
RF processors 310, 320, 330, 340, 350, and 360 convert the signals into IF 
signals and provide the IF signals to the IF processors 410, 420, 430, 440, 450, 
and 460. The IF processors 410, 420, 430, 440, 450, and 460 convert the IF 
signals into baseband signals, and provide the baseband signals to the modem 
processor 500. 

Since the signals input to the modem processor 500 are signals added 
with distinguished spreading sequence offsets, these signals are processed in 
the same manner of signals input to the modem processor 500 through different 
antennas and the RF/IF processing path. In detail, since the signals input to 
respective reception ends of the modem processor 500 are signals generated by 
adding the signals without time delay and the signals with time delay and 
distinguishing the spreading sequence offsets, a searcher of the modem, 
processor 500 considers the signals as various multipath components of the 
same antenna and divides the signals. The modem processor 500 allocates valid 
multipath signal components to fingers, detects phases of the corresponding 
multipath signal components to correct the same, and executes MRC on the 
signal components allocated to the fingers. Other signals with different phases 
are corrected to have the identical phase, and the MRC is performed on the 
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corrected signals, thereby obtaining the diversity effect. 

In the first embodiment, two sets of X-pole polarized antennas spatially 
separated for each sector are used, and since the X-pole polarized antennas 
have two branches, signals can be received with four branches per sector. In this 
instance, since one of the signals received at the two branches of each antenna 
is assigned a time delay, the signal and the time delay are added, and the added 
result is transmitted to the modem processor, the modem processor needs to 
have two reception (Rx) ends for each sector. That is, since the modem 
processor used by the conventional base station, which has two vertical 
antennas for each sector and each antenna has a branch, has two reception 
(Rx) ends for each sector, the conventional modem processor can be applied to 
the present invention. 

As described, since two RF processors and two IF processors are used 
per sector in the first preferred embodiment, hardwired complexity does not 
increase, and since two sets of X-pole polarized antennas are used to increase 
the number of the diversity branches to four, the performance-improved base 
station can be realized by the diversity. But if the signals are delayed and added 
before they are input to the modem processor in the same manner of the first 
embodiment, performance may be somewhat degraded because of signal 
superimposition between parts of weak components (i.e., the multipath 
components that are more time-delayed than the artificially given time delay, and 
are received), from among multipath components received through an antenna to 
which no artificial time delay is given according to characteristics of multipath 
delay, and important components from among artificially time delayed multipath 
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components, but this kind of performance degradation relatively ignored 
compared to the diversity effect obtainable by using two sets of the X-pole 
polarized antennas for each sector. 

In order to avoid even the partial performance degradation, it is desirable 
to process the modem processor through a separate path, which 
disadvantageously increases hardwired complexity caused by an increase of the 
RF processors or the IF processors. Therefore, a base station that does not 
greatly increase its complexity and uses two sets of X-pole polarized antennas 
thereby obtaining the diversity effect can be realized according to the first 
embodiment. 

Other preferred embodiments of the present invention will be described 
referring to FIGs. 3 and 4. 

FIGs. 3 and 4 show configurations of a base station according to second 
and third preferred embodiments of the present invention. 

As shown in FIG. 3, the base station according to the second preferred 
embodiment is matched with the first preferred embodiment except that the 
number of RF processors is different and the delay elements are located 
between the RF processors and the IF processors. 

In detail, the signals received at the branches 110a, 110b, 120a, 120b, 

160a, 160b of the respective antennas 110 through 160 are respectively 

transmitted to the RF processors 311, 312, 321, 322, .... 361, 362 and converted 

into IF signals. The signals passed through the RF processors 312, 322, 362 

are delayed by delay elements 210, 220, 260, and added, by an adder, with 

the signals passed through the ,RF processors 311, 321 361. The added 
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signals are converted into baseband signals by the IF processors 410 through 
460, and the baseband signals are transmitted to the modem processor 500. 

According to the second preferred embodiment, the number of RF 
processors problematically becomes twice compared to the first embodiment 
since the signals are added after passing through the RF processor. 

A third embodiment for adding the signals passed through the RF 
processor will now be described referring to FIG. 4. 

As shown in FIG. 4, the base station according to the third preferred 
embodiment is matched with the first preferred embodiment except that the 
number of RF processors and IF processors is different and the delay elements 
are located between the IF processors and the modem processor. 

In detail, the signals received at the branches 110a, 110b, 120a, 120b, 
160a, 160b of the respective antennas 110 through 160 are respectively 

transmitted to the RF processors 311, 312, 321, 322 361, 362 and the IF 

processors 411, 412, 421, 422, 461, 462 and converted into baseband 
signals. The signals passed through the IF processors 412, 422, 462 are 
delayed by delay elements 210, 220, 260, and added, by an adder, with the 
signals passed through the RF processors 411, 421, .... 461, and transmitted to 
the modem processor 500. 

According to the third preferred embodiment, the number of RF 
processors and IF processors problematically becomes twice compared to the 
first embodiment since the signals are added after passing through the RF 
processor. 

In the first to third preferred embodiments, the delay elements are 
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respectively provided between the antenna and the RF processor, between the 
RF processor and the IF processor, and between the IF processor and the 
modem processor to delay the signals and add delayed signals. However, 
without being restricted to this, the present invention includes a method for time- 
delaying the signals received through a single branch of an antenna having two 
branches, adding the same with other signals without time delay received 
through another branch, and transmitting the added signals to the modem 
processors. 

According to the present invention, since time-delayed signals for 
distinguishing offsets and time-undelayed signals are added, and the added 
signals are divided by the modem processor, the diversity base station using two 
sets of X-pole polarized antennas that require four branch processing for each 
sector without modifying the modem processor of the base station can be 
realized. That is, the hardwired modification of the base station is minimized, 
thereby providing simple hardware. 

While this invention has been described in connection with what is 
presently considered to be the most practical and preferred embodiment, it is to 
be understood that the invention is not limited to the disclosed embodiments, but, 
on the contrary, is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 
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